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1.1. A library of rapamycin analogues that bind to FKBP12
FK506 (1) and rapamycin (2) are natural products from micro-
organisms that are effective immunosuppressant drugs. The tar-
gets for FK506 and rapamycin are calcineurin and the ‘mammalian
target of rapamycin’ (mTOR) respectively, but signiﬁcantly their
efﬁcacy in binding originates ﬁrstly in their ability to modify the
surface of FK506-binding protein 12 (FKBP12). It is the binary com-
plexes of FK506 and rapamycin with FKBP12 that creates function-
ality that can bind to the target proteins. Thus FK506 and
rapamycin can be considered bifunctional molecules that have
one molecular section that can bind to FKBP12, while the other,
‘effector’ domain binds to the target protein with evolved speciﬁc-
ity. This property is remarkable as these are examples of molecules
that can facilitate protein–protein interactions by modifying one
protein surface and in doing so, make it readily recognised by a
second protein.
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2The goal of a recent publication was the design and synthesis of
a number of rapamycin analogues that contained a common
FKBP12 binding domain, but that also contained different effector
domains so that in conjunction with the FKBP12 surface, they
could generate a diverse range of composite surfaces that could
be optimised for a target partner protein.1
The common FKBP-binding moiety is a triketo pipecolyl core
section of the macrocycles, and it was intended that this part
of the combinatorial library would be invariant while the
remainder of the compound was a variable peptide that had
the potential to act as the effector region. To identify a reason-
able, minimal FKBP-12 binding region, 15 cyclic peptides were
constructed containing 10 different R1 groups and three R2
groups. A constant glutamine residue was included on the C-
terminal side of the R1 residue as the tether point for solid
phase synthesis. Finally, Ala-Ala was another invariant part of
the effector domain of the macrocycles. The 15 compounds
were prepared in parallel on Rink amide resin, and after cleav-
age from the solid support were testing for binding to FKBP12
in a ﬂuorescence polarisation competition assay. The results
indicated a preference for a D-b-homoPhe in the R1 position,
and D-Ala in the R2 position, resulting in the tetrapeptide, D-
Ala-Dkb-Pip-D-b-homoPhe as the constant FKBP12 binding
domain.
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A library of 200 rapalog compounds was prepared on Rink amide re-
sin in parallel. Half of the library (3) contained a diverse R3–R4
dipeptide sequence, while the other 100 compounds (4) employed
a tripeptide R3–R4–L-Ala in the effector domain. Ten amino acids
were used in each of the R3 and R4 positions. The compounds were
individually assayed for binding to FKBP12 by a ﬂuorescence anisot-
ropy competition assay and IC50 values determined. The majority of
compounds had excellent to respectable afﬁnities (IC50 = 2–93 lM),
some of them only some 10-fold less potent than FK506. The library
offers the possibility of screening rapalog-FKBP composite surfaces
for their potential to inhibit currently intractable protein–protein
interactions.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
No papers this month.
2.2. Solution-phase synthesis
A procedure for benzylic Suzuki–Miyaura cross-coupling under
microwave conditions has been developed. The conditions allowed
for heterocyclic compounds to be coupled, with optimum condi-
tions found to be Pd(OAc)2, JohnPhos as the catalyst and ligand,
potassium carbonate as the base, and DMF as the solvent. Using
these conditions, a library of structurally diverse compounds has
been synthesised.2
A facile diversity oriented synthesis of a- and b-amino acids, has
been described, using the a-methylene group in a chiral bicyclic
lactam as the key point of transformation. Conditions are currently
being optimised for an effective conversion of the a-amino acid sur-
rogates to the ﬁnal derivatives without a decrease in chiral purity.3
The parallel synthesis of a library of N1- and C3-substituted-
pyrazolo[3,4-d]pyrimidines has been described. The microwave-assisted approach involves the de novo generation of the heterocy-
clic scaffold, facile alkylation at N1 via either a Mitsunobu or a di-
rect alkylation reaction and arylation at C3 via a Suzuki reaction.4
2.3. Scaffolds and synthons for combinatorial libraries
A series of novel 3-benzhydryl-4-piperidone derivatives have
been identiﬁed as potent tachykinin neurokinin-1 (NK1) receptor
antagonists. An efﬁcient and versatile synthesis of this series was
achieved with a coupling reaction of 1-benzylpiperidones with
benzhydryl bromides or benzhydrols in the presence of trif-
luoromethanesulphonate and a condensation reaction of piperi-
dones with benzyl alcohols. The 3-benzhydryl-4-piperidone
scaffold, which has a 1,1-diphenylmethane moiety that is a known
privileged substructure targeting G-protein coupled receptors, can
be used for chemical library synthesis because of its chemical
accessibility and diversity.5
2.4. Solid-phase supported reagents
An improved method for the thionation of amides using a solid-
supported P2S5 reagent has been described. Heating amides under
microwave irradiation furnished thioamides in good to excellent
yields, with a signiﬁcantly reduced reaction time compared with
that achieved under conventional heating.6
Novel, efﬁcient, and recyclable bifunctional catalysts bearing
SiO2-supported RuCl3 and iodoarene moieties have been developed
and used for environmentally benign oxidation of alcohols or
alkylarenes at the benzylic position. These reactions in the pres-
ence of oxone as stoichiometric oxidant gave the corresponding
carbonyl compounds in high yields under mild conditions and con-
venient work-up. Furthermore, these SiO2-supported bifunctional
catalysts can be recovered by simple ﬁltration and directly reused.7
A thermally stable polymer-supported oxidant has been devel-
oped. Polymer-supported 2-benzenesulphonyl-3-(4-nitro-
phenyl)oxaziridine was applied to microwave-assisted reactions
that occurred at high temperatures and was shown to oxidise al-
kenes, silyl enol ethers, and pyridines to the corresponding epox-
ides and pyridine N-oxides in excellent to good yields and with
much shorter reaction times.8
2.5. Novel resins,linkers and techniques
Use of solid-phase synthesis for the derivatisation of carboxylic
acids with biotinylated spacers consisting of ethylenoxy units has
been described. An aminomethylated resin containing an acid-la-
bile aldehyde linker is used as the polymer support and three dif-
ferent systems with a reactive amino group have been introduced.
Acylation of each system was tested with a set of model carboxylic
acids and afforded crude products of excellent purity. These proto-
cols represent a very efﬁcient way of modifying compounds to ob-
tain ligands for afﬁnity chromatography studies.9
2.6. Library applications
A diverse library of N,N-dimethylamino containing monomers
has been reported. Subjecting these monomers to Chabrier reac-
tion conditions yields lipids with polymerisable head groups. This
library of lipid head groups is equipped with arms of various
lengths containing reduction–oxidation polymerisable groups at
the terminus.10
Three novel inosine-based dinuclear platinum complexes have
been synthesised via a solid-phase strategy. These compounds con-
tain the metal linked both to the N–7 of the purine nucleus and to
the terminal amine group of a hexylamine side chain installed on
N–1. Cis- or trans-diamine as well as ethylenediamine ligands are
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complexes were tested against four different human tumour cell
lines, and one of these complexes proved to be more cytotoxic than
cisplatin against the MCF7 cancer cell line in a short-term exposure
assay.11
RNA-peptide conjugates that mimic amino acid-charged tRNAs
and peptidyl-tRNAs are of high importance for structural and func-
tional investigations of ribosomal complexes. The synthesis of gly-
cyl-, alanyl-, and isoleucyladenosine modiﬁed solid supports that
are eligible for the synthesis of stable 30-aminoacyl- and 30-pepti-
dyl-tRNA termini with an amide instead of the natural ester link-
age have been described. The present work signiﬁcantly expands
the range of accessible peptidyl-tRNA mimics for ribosomal
studies.12
The direct anti-tubercular testing of a small compound library
has led to the discovery of an adamantyl urea hit compound. The
hit was followed up through the synthesis of an optimisation li-
brary, generated by systematically replacing each section of the
molecule with a similar moiety until a clear structure–activity rela-
tionship was obtained with respect to anti-tubercular activity. The
best compounds in this series contained a 1-adamantyl-3-phenyl
urea core and had potent activity againstMycobacterium tuberculo-
sis with an acceptable therapeutic index.13
Libraries of morpholines and oxazepanes have been prepared
via the reductive amination reaction between dialdehydes, derived
from carbohydrates, and a range of amines. The abilities of these
functionalised morpholines and oxazepanes to inhibit a broad pa-
nel of glycosidase enzymes, that are associated with a range of dis-
eases, have been probed and new inhibitors of a range of
glycosidases have been discovered.14
A family of norcantharidin analogues possessing a terminal
alcohol (ethanol, propanol, butanol, pentanol, hexanol and cyclo-
hexanol) moiety have been treated with either chlorodiethyl, chlo-
rodiphenyl or chloro-bis-trichloroethyl-phosphate to afford highly
focussed libraries of the corresponding phosphate esters. Subse-
quent biological screening against a panel of nine human cancer
cell lines identiﬁed a trend between the ease of phosphate
unmasking (phosphate ester hydrolysis) and cell death. The most
potent analogues possessed either a diphenyl or a bis-trichloroeth-
yl moiety.15
Most nucleosides in solution typically exist in equilibrium be-
tween two major sugar pucker forms, N-type and S-type, but
bridged nucleosides can be locked into one of these conformations
depending on their speciﬁc structure. A recent study has investi-
gated the potential for biological activity within these conforma-
tionally-locked structures. A small library of 20,40- and 30,40-
bridged nucleoside analogues was synthesised, and tested for anti-
bacterial, antitumour, and antiviral activities, leading to the identi-
ﬁcation of nucleosides possessing such biological activities.16
The cannabinoid receptor 2 (CB2) plays an important role in hu-
man physiology and the pathophysiology of different diseases,
including neuroinﬂammation, neurodegeneration, and cancer.
The synthesis and results of in vitro receptor binding of a focused
library of new ﬂuorinated 2-oxoquinoline CB2 ligands has been re-
ported. Twelve compounds were synthesised in good yields in
multiple steps. Preliminary in vitro results suggest that six of these
compounds may be useful for therapy of neuropathic pain, neuro-
inﬂammatory diseases and immune disorders.17
With an aim of developing novel protein tyrosine phosphatase
(PTP) 1B inhibitors based on sugar scaffolds, a focused library of
benzyl 6-triazolo(hydroxy)benzoic glucosides has been efﬁciently
constructed via the modular and selective Cu(I)-catalysed azide-al-
kyne 1,3-dipolar cycloaddtion (click chemistry). These glycoconju-
gates bearing alkyl chain length-varied bridges between the sugar
and (hydroxy)-benzoic moieties were identiﬁed as new PTP1B
inhibitors with selectivity over T-Cell PTP (TCPTP), SH2-ContainingPTP-1 (SHP-1), SHP-2 and Leukocyte Antigen-Related Tyrosine
Phosphatase (LAR).18
Cathepsin B is a lysosomal cysteine protease that has various
physiological and pathophysiological functions. The discovery of
6-substituted 4-benzylthio-1,3,5-triazin-2(1H)-ones as inhibitors
of cathepsin B, starting from screening of a library of variously
2,4,6-trisubstituted 1,3,5-triazines and 1,3,5-triazin-2(1H)-ones,
has been described. The synthesis and enzymatic evaluation of a
focused library of new 1,3,5-triazin-2(1H)-ones has also been
described.19References
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